Sophoridine is an alkaloid extracted from Sophora alopecuroides that has extensive pharmacological actions. In the present study, the effect of sophoridine on cell growth of human medulloblastoma and its mechanism were investigated. Human medulloblastoma D283-Med cells were incubated with 0, 0.5, 1 or 2 mg/ml sophoridine for 24, 48 or 72 h. Cell proliferation and cytotoxicity were analyzed using MTT and lactate dehydrogenase assays, respectively. Next, analyses of cell apoptosis and caspase-3/8 activity were performed using flow cytometry or spectrophotometry, respectively. Lastly, the change in FoxM1, TrkB, BDNF, NF-κB and AP-1 expression was investigated using western blot analysis. In the present study, treatment with sophoridine significantly suppressed cell growth and induced apoptosis in human medulloblastoma cells. In addition, sophoridine significantly increased cytotoxicity and caspase-3/8 activity in human medulloblastoma. Finally, it was found that sophoridine suppresses the protein expression of FoxM1, TrkB, BDNF NF-κB and AP-1 in human medulloblastoma cells. The present study suggests that sophoridine suppresses cell growth of human medulloblastoma through the inhibition of the FoxM1, NF-κB and AP-1 signaling pathway.
Introduction
Cerebral tumors are the second most common tumor in pediatric patients, with morbidity rate of 3.3/10,0000 individuals in 2012 in China (1) . Due to its poor prognosis, cerebral tumors are the leading cause of mortality in pediatric oncology (1) . Medulloblastoma is a type of neuroepithelial tumor of the epencephalon, and is a common pediatric central nervous system tumor, with a morbidity rate of 25% and high paroxysmal age of 8 years (2) . According to the reclassification of nervous system neoplasms by the World Health Organization in 2002, the types of medulloblastoma are classic medulloblastoma, pro-fibroplasia, maxicell/anaplasia and melanin. For classic medulloblastoma, tumor cells grow vigorously with little cytoplasm shown on histopathological examination (3) . Statistics have shown that the survival time of 70% of patients reaches 5 years, while a certain high risk-patients have metastasis (4) . Only 25% of these patients with metastasis have a survival time of 5 years (5) .
Termed Forkhead box or winged helix domain, Forkhead box protein Ml (FOXM1) is an evolutionarily-conserved transcriptional regulatory factor family characterized by DNA binding domain (6) . FOXM1 is a key regulator of the cell cycle. FOXM1 is expressed during the G1 and S phases in the cell cycle, and can regulate the transcription activity of numerous genes, including encoding cell division cycle (Cdc) 25A, Cdc25B, cyclin B, cyclin A, cyclin Dl, p21cip1, p27kipl, Aurora B kinase and Polo-like kinase 1. The loss of FOXM1 expression may lead to formation defects in the mitotic spindle and the delay of cell division, which may result in the failure of mitosis (7) . FOXM1 is also associated with cell proliferation and apoptosis. A previous study has found that the signaling pathway of FOXM1 has an essential role in maintaining self-stability during cell developmental process (8) . New evidence has indicated that FOXM1 has abnormal high expression in malignant cancers, such as lung cancer, spongioblastoma, prostatic cancer, hepatocellular carcinoma, primary breast carcinoma and pancreatic carcinoma (9) . When altered using RNA interference, the expression of FOXM1 in the mammary gland and pancreatic cancer cells triggered the proliferation, metastasis, invasion, migration and inhibition of carcinoma cells (10) .
As an important intranuclear transcription factor, the stress protein activator protein-1 (AP-1) directly participates in normal growth and carcinous conversion process while its functions in cells directly depend on cell types, the constituents of AP-1 and the relative proportion of different parts (11) . The activity of AP-1 is closely associated with tumors. It can activate tumor-associated genes and promotes the occurrence and malignant evolution of tumors. AP-1 participates in cell proliferation, differentiation and conversion and has a fundamental role in tumor formation, metastasis and invasion (12) . Sophoridine ( Fig. 1) is an alkaloid that occurs in high levels in Sophora alopecuroides (13) . Previous studies have identified that sophoridine reduced inflammatory responses caused by LPS (14, 15) . It has pharmacological functions such as antitumor and anti-arrhythmia and affects the immune and central nervous systems (12) . When used at an antitumor dosage, sophoridine can lower the heart rates of tested animals without affecting other indicators of the electrocardiogram or breathing (13) . Therefore, the present study assessed the effect of Sophoridine on the suppression of cell growth in human medulloblastoma, which may provide an important biological basis for the pathogenesis of this disease.
Materials and methods
Cell culture. The human medulloblastoma D283-Med cell line was obtained directly from the Central Laboratory of Tianjin Medical University Cancer Institute and Hospital (Tianjin, China) and maintained in DMEM-Nutrient Mixture F-12 (DMEM/F12; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with human recombinant epidermal growth factor (20 ng/ml), B-27 supplement (2%; Invitrogen; Thermo Fisher Scientific, Inc.), supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) and 1% 100 µg/ml penicillin/streptomycin solution at 37˚C in a 5% CO 2 atmosphere.
Cell proliferation and cytotoxicity analysis. D283-Med cells (5x10 4 /ml; 200 µl) were added to a 96-well plate and divided into groups treated with 0, 0.5, 1 and 2 mg/ml sophoridine (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 24, 48 and 72 h. Subsequently, 50 µl MTT (5 mg/ml; Invitrogen; Thermo Fisher Scientific, Inc.) was added to the D283-Med cells and incubated for 4 h at 37˚C in a 5% CO 2 atmosphere. MTT was removed and 150 µl dimethyl sulfoxide was added and the plate was agitated for 20 min. Lactate dehydrogenase (LDH; 60 µl; Thermo Fisher Scientific, Inc.) was added, and the plate was incubated for 30 min at 37˚C in darkness. Cell proliferation and cytotoxicity were analyzed using a spectrophotometer (Tecan Sunrise Rainbow; Tecan Japan Co., Ltd., Tokyo, Japan) at 490 nm.
Cell apoptosis analysis. D283-Med cells (1x10 8 /ml; 2 ml) were added to a 6-well plate and divided into groups treated with 0, 0.5, 1 and 2 mg/ml sophoridine for 48 h. The D283-Med cells were incubated with 5 µl annexin V-fluorescein isothiocyanate (Caltag Laboratories, Burlingame, CA, USA) and 5 µl of propidium iodide (Caltag Laboratories) for 30 min at room temperature. Cells apoptosis was analyzed using the Guava easyCyte 5HT Flow Cytometer (Merck KGaA, Darmstadt, Germany).
Caspase-3/8 activity. D283-Med cells (1x10 8 /ml; 2 ml) were added to a 6-well plate and divided into groups treated with 0, 0.5, 1 and 2 mg/ml sophoridine for 48 h. D283-Med cells were lysed on ice with 100 ml pre-cooled cell lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) for 30 min. The protein concentration was determined by the bicinchoninic acid method (NE-PER; Thermo Fisher Scientific, Inc.). The substrates 10 µl of Ac-DEVD-pNA (caspase-3; 2 mM; Beyotime Institute of Biotechnology) and 10 µl of Ac-IETD-pNA (caspase-8; 2 mM; Beyotime Institute of Biotechnology) were added to each well for 1 h at 37˚C. The activity of caspase-3/8 was analyzed using a spectrophotometer (Tecan Sunrise Rainbow; Tecan Japan Co., Ltd.) at 450 nm.
Western blot analysis. D283-Med cells (1x10 8 /ml; 2 ml) were added to a 6-well plate and divided into groups treated with 0, 0.5, 1 and 2 mg/ml sophoridine for 48 h. D283-Med cells were lysed on ice with 100 ml pre-cooled cell lysis buffer for 30 min. The protein concentration was determined by the bicinchoninic acid method (NE-PER; Thermo Fisher Scientific, Inc.). Protein samples were separated by SDS-PAGE on a 8-12% gel and then transferred onto a polyvinylidene difluoride membrane (GE Healthcare, Little Chalfont, UK). After blocking with 5% non-fat milk for 1 h, membranes were incubated with primary anti-FoxM1 (cat. no. sc-502; 1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti-TrkB (cat. no. sc-118; 1:500; Santa Cruz Biotechnology, Inc.), anti-BDNF (cat. no. sc-20981; 1:500; Santa Cruz Biotechnology, Inc.), anti-NF-κB (cat. no. sc-7178; 1:500; Santa Cruz Biotechnology, Inc.), anti-AP-1 (cat. no. ab21981; 1:1,000; Abcam, Cambridge, MA, USA) and anti-β-actin (cat. no. sc-7210; 1:500; Santa Cruz Biotechnology, Inc.) antibodies at 4˚C overnight. After washing in Tris-buffered saline with Tween-20 (20 mM Tris-HCl, 150 mM NaCl and 0.05% Tween-20), the membranes were incubated with goat anti-rabbit IgG-horseradish peroxidase secondary antibodies (cat. no. sc-2004; 1:5,000; Santa Cruz Biotechnology, Inc.) at 37˚C for 2 h. Subsequent to this incubation, the membranes were visualized using a BeyoECL Plus (Beyotime Institute of Biotechnology).
Statistical analysis.
The experimental data were presented as the mean ± standard deviation and analyzed with SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Statistical significance was determined by one-way analysis of variance followed by Tukey post hoc analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Sophoridine suppresses cell growth of human medulloblastoma.
To determine the effect of sophoridine on the growth of D283-Med cells, cell proliferation was measured using an MTT assay. As shown in Fig. 2 , the proliferation of D283-Med cells was suppressed by treatment with sophoridine in a dose-and time-dependent manner. In particular, 2 mg/ml sophoridine significantly suppressed cell proliferation subsequent to treatment for 24, 48 and 72 h, 1 mg/ml sophoridine significantly suppressed cell proliferation subsequent to treatment for 72 h, and 0.5 mg/ml sophoridine significantly suppressed cell proliferation subsequent to treatment for 72 h in D283-Med cell.
Sophoridine is cytotoxic in human medulloblastoma. To study the effect of sophoridine on cytotoxicity of human medulloblastoma, a LDH assay was used to analyze the cytotoxicity of sophoridine on D283-Med cells. The results showed that treatment with 1 or 2 mg/ml sophoridine significantly induced cytotoxicity of D283-Med cells (Fig. 3) .
Sophoridine induces apoptosis in human medulloblastoma.
To further study the effect of sophoridine on the apoptosis of human medulloblastoma cells, apoptosis rates were detected using flow cytometry. Fig. 4 showed that treatment with 1 or 2 mg/ml sophoridine significantly induced apoptosis in D283-Med cells, compared with control cells (0 mg/ml sophoridine). 
Sophoridine induces caspase-3/8 activity in human
Sophoridine suppresses FoxM1 protein expression in human medulloblastoma.
To evaluate the effect of sophoridine on FoxM1 signal in human medulloblastoma, FoxM1 protein expression was recorded using western blot analysis. Sophoridine concentrations of 1 and 2 mg/ml concentrations were found to significantly suppress FoxM1 protein expression in D283-Med cells, compared with control cells (0 mg/ml sophoridine; Fig. 6 ).
Sophoridine suppresses TrkB protein expression in human medulloblastoma. To further evaluate the effect of sophoridine on TrkB signaling in human medulloblastoma, western blot analysis was used to detect TrkB protein expression in D283-Med cells. TrkB protein expression of D283-Med cells was significantly inhibited by 1 and 2 mg/ml of sophoridine, compared with control cells (0 mg/ml sophoridine; Fig. 7 ). 
Sophoridine suppresses BDNF protein expression in human medulloblastoma.
To study the effect of sophoridine on BDNF signaling in human medulloblastoma, BDNF protein expression in D283-Med cells was measured using western blot analysis. The results showed that treatment with 1 and 2 mg/ml sophoridine significantly reduced BDNF protein expression in D283-Med cells, compared with control cells (0 mg/ml sophoridine; Fig. 8 ).
Sophoridine suppresses NF-κB protein expression in human medulloblastoma.
To further study the mechanism of sophoridine on cell growth of human medulloblastoma, changes in NF-κB protein expression were examined using western blot analysis. The present study also found that NF-κB protein expression in D283-Med cells was significantly suppressed by treatment with 1 and 2 mg/ml sophoridine, compared with control cells (0 mg/ml sophoridine; Fig. 9 ).
Sophoridine suppresses AP-1 protein expression in human medulloblastoma.
Since one of the main mechanisms of sophoridine is its effect on AP-1 signaling in human medulloblastoma, the present study evaluated whether sophoridine affects AP-1 protein expression in D283-Med cells. As shown in Fig. 10, 1 and 2 mg/ml sophoridine significantly inhibited AP-1 protein expression in human D283-Med cells, compared with control cells (0 mg/ml sophoridine; Fig. 10 ).
Discussion
Medulloblastoma is an epithelial tumor of cerebellar neurocytes and is the most common central nervous system tumor in children (16) . The morbidity of medulloblastoma accounts for 25% of pediatric brain tumors (17) . The most common age is 8 years, and it mostly appears in patients >20 years old. According to statistics, the 5-year survival rate of patients is 70%, but certain high-risk patients (<3 years old) often present with metastasis, and the 5-year survival rate is 25% in 2012 in China (18) . The present study showed that sophoridine suppresses cell growth, induces cytotoxicity and apoptosis and increased caspase-3/8 activity of human medulloblastoma. Wang et al (19) reported that sophoridine induces mitochondrial apoptosis through suppression of β-catenin/survivin signaling in cisplatin-resistant non-small cell lung cancer cells.
FOXM1 is a key regulator of the cell cycle and expressed during the G1, S and mitotic phases (9) . A previous study suggested that FOXM1 could significantly downregulate the expression of P2cipi and P27kipi (7) . During the transitional phase between G2 and M, two downstream target genes of FOXM1 were found to promote NF-κB to participate in the progression of neurodegenerative diseases, such as Alzheimer's disease and Parkinson's disease (20) . In the present study, it was found that sophoridine significantly suppressed FOXM1 protein expression in D283-Med cells. Wang et al (13) reported that sophoridine suppresses cell proliferation of human glioma U87MG cell line by upregulating the expression of caspase-3/8, NF-κB and AP-1.
The nuclear transcription factor NF-κB is contains κBα. In normal cells, NF-κB is located in the cytoplasm (21) . Stimulated by extracellular functions, κBα can be degraded, which results in the activation of p65. The activation of NF-κB induces the expression of certain genes, including inflammatory factors, proliferation or pro-apoptosis factors (22) . In the present study, it was also found that sophoridine significantly decreases the protein expression of NF-κB in D283-Med cells. Li et al (23) reported that sophoridine inhibits cell proliferation through regulation of the NF-κB signaling pathway in castration-resistant prostate cancer cells.
As target proteins of the TrkB/BDNF signaling pathway, NF-κB and FKHR are associated with FOXM1 (24) . The functions of these proteins are associated with the survival, proliferation, invasion and metastasis (25) . The interaction of FOXM1 with the TrkB/BDNF signaling pathway affects the biological behaviors of multiple myeloma cells. Previous studies have indicated that there is abnormal expression of TrkB/BDNF and FOXM1 in medulloblastoma, and the expression levels of these proteins are positively associated (26) . The interaction between FOXM1 and TrkB/BDNF affects the apoptosis, cell cycle progression and proliferation of multiple myeloma cells (27) . The present results showed that sophoridine suppressed TrkB and BDNF protein expression in D283-Med cells. Kan et al (28) reported that sophoridine protects neuro-axon from inflammation-induced injury through BDNF.
The AP-1 compound exerts its function by combining with genetic promoters (29) . AP-1 is essential to the biological function of oncogenes, particularly participates in metastasis mediated by oncogenes. By importing TAM67 to inhibit the activity of AP-1, the invasiveness of squamous cell carcinoma in rats and humans can be markedly reduced (30) . The results of the present study suggested that sophoridine suppressed the protein expression of NF-κB and AP-1 in D283-Med cell. Wang et al (13) reported that sophoridine suppresses cell proliferation of human glioma U87MG cell line through upregulating the expression of caspase-3/8, NF-κB and AP-1.
To conclude, the present findings demonstrated that sophoridine suppresses cell growth, induces cytotoxicity and apoptosis, and increases caspase-3/8 activity in human medulloblastoma. In addition, it was concluded that the FOXM1, NF-κB and AP-1 pathway has an important function in intracellular signaling in response to the anticancer effect of sophoridine in human medulloblastoma cells.
